The lard-pebble phosphate district of Florida is a part of the Gulf Coastal Plain. The geologic formations cropping out in the district are the Miocene Hawthorn, Pliocene Bone Valley, and Pleistocene terrace sands.
INTRODUCTION
Several geologists of the U. S. Geological Survey have studied the land-pebble phosphate deposits of %>. ..
Florida from time to time since mining began in 1888. Reports of these studies have been written by Eldridge(1893) , Matson and Clapp( 1909) , Matson (1915) , Cooke(1929) , (1945) , Roundy (1941) , and Mansfield (1942) .
Since 1947 the Geological Survey has maintained a field party in the district in order to study the geology in detail to study the distribution, composition, and origin of the phosphate deposits of the district, to determine the relation of the deposits to the geologic formations of the district, and to bring up to date the estimates of tonnage and grade of phosphate published by Mansfield (1942) . This paper will show what progress has been made in the study of the distribution and origin of the deposits. Thomas, an independent consultant on Florida phosphate land.
In the years since 1947, 21 geologists have helped in the investigations of the Florida phosphate deposits and each of these men has contributed to the present knowledge of the deposits. Most of the ideas expressed in this paper have been expressed in frequent discussions among the party members; thus the writers can be credited only with presenting them here. This work was done on behalf of the Division of Raw Materials of the Atomic Energy Commission.
GENERAL GEOLOGY
The land-pebble phosphate district ( fig. 1) Concerning regional structure, suffice it to say that unconsolidated formations with nearly indeterminate contacts are exposed at the surface over nearly all of the land-pebble district, and in the few places where normally harder materials such as limestone are exposed, weathering has destroyed nearly all evidence of bedding.
On the basis of published data (Jordan, 1950) , (Vernon, 1951) , the harder rocks are thought to dip southward on the order of a few feet per mile.
Most writers describe four geologic formations in the land-pebble phosphate district. They are the Hawthorn formation, which underlies most of the district, the Bone Valley formation, terrace sands, and Recent deposits (Cooke, 1945 , MacNeil, 1951 The thickness of the Hawthorn formation in the district ranges from a feather edge to about 600 feet (Cathcart, 1950) . A more comprehensive discussion of the Hawthorn formation in Florida may be found in Cooke (1945) .
B j n e Valley f o r m a t i o n
The Bone Val'.ey format;.;., has been correlate'! './'. . ."-e : ".'o -sr.e C.^cos-ilir/c^hee formation (Cathcart, 1950) , which crops out south of the land-pebble phosphate district, on the basis of similar vertebrate fossils. Thus the Bone Valley is thought to be Pliocene in age.
In Polk and Hillsborough Counties--the northern part of the land-pebble district--the Bone Valley formation consists of two parts: the lower part is composed of sands, sands or silty clays, and gravels. Almost all of the gravel and a large part of the sand and clay-sized material in this zone are phosphate. The remainder of the sand is quartz, with minor amounts of feldspar, and trace amounts of "heavy" minerals (ilmenite, zircon, tourmaline, staurolite, and others); the remainder of the clay-sized material is chiefly montmorillonite, although minor amounts of kaolin are present (Altschuler and Boudreau, 1949) . The upper part of the Bone
Valley formation is deeply weathered and leached and is composed chiefly of a residue of quartz sand cemented by the aluminum phosphate mineral, wavellite (Altschuler and Boudreau, 1949) .
The lower part ranges in thickness from less than 1 foot to more than 50 feet and is commonly about 20 feet in thickness; and the upper leached part ranges from a feather edge to 40 feet, and is commonly about 6 feet in thickness. The two parts tend to complement one another in thickness in most areas.
In Hardee and Manatee Counties--the southern part of the district--the Bone Valley cannot be divided into an upper and lower zone on the basis of present information. The entire formation is homogeneous, consisting of fairly well sorted quartz and phosphate sand, or sandy clay.
Other information on the formation may be found in Cooke (1945) .
Terrace sands
Loose quartz sands, in terraces said to be of Pleistocene age by most writers who have described them in the district, overlie the Bone Valley formation in most of the district. Although Cooke (1945) has described seven terraces in peninsular Florida, MacNeil(1951) recognizes only three in the land-pebble district, one at an altitude of 30 feet, one at 100 feet, and one at 150 feet above sea level.
Recent deposits
Soil, carbonaceous sands, silt, andjnuck at the surface are considered Recent.
DISTRIBUTION AND CHARACTER OF PHOSPHORITE IN THE LOWER ZONE OF THE BONE VALLEY FORMATION
The land-pebble phosphate district can be divided in two parts: a northern part in which the V^O .material used in preparing figure 2 are for coarse and fine particles of phosphate only, because the data available at the time of preparation of this paper were for phosphate and not fos the entire deposit. However, It is the writers* belief that if data for the whole deposit were available, the picture presented in figure 2 would not be appreciably changed. This belief has been strengthened by an examination of nine bar graphs ( fig. 3) showing the size distribution of material in samples of minable phosphate rock of the district.
The bar graphs from the mines in the central area (Nos. 3, 4, and 50 fig. 3 ) show a very pronounced double peak. One of the peaks is of coarse phosphate, one of finer quartz, with only minor phosphate.
This double peak may be due to two sources of material, or removal of finer material by an agency unable to transport the coarser, heavier, phosphatic material. However, whether or not this winnowing" occurred, it does not account for the fact that the graphs show the presence of a large amount of fine quartz sand which should logically have been removed along with the fine phosphate.
The P2O5 content of the phosphate, as well as phosphate particle size, varies from east to west across the district. The phosphate of the outer area where finer phosphate particles predominate has a higher P2OS content than the inner one, where coarser particles predominate,, The variation in P2OS content may be due to incomplete removal of calcium carbonate in the coarser particles plus addition of P2Og to the particles, a process which would be more effective in the smaller sizes,, Several studies of the relation of P2OS to particle size have been made in small areas, and the general relation that decreasing rise coincides with an increase in PgOg content has been established in every place; therefore, the writers think that the relationship holds generally throughout the area.
Work dons in the past few montchs has pointed out a relationship between phosphate-particle size and the topography" of the present surface of the Hawthorn formation in the northern part of the district. In a general way it has been found that relatively coarse phosphatic material u likely to be found on top and on the shoulders of high parts of the surface of the Hawthorn fcmmtion aod that finer phospfaatic material is usually found low on the slope and in the Hawthorn ^valleys" (fig. 4 ).
ORIGIN
The origin of the phosphate deposits of the ljod-pebble phosphate district has been speculated upon by all of the people who have worked in the district, and hypotheses concerning the origin of the deposits can be found in most Geological Survey reports of work in the district, It might be well to point out here that study of the origin of the deposits is more difficult than one might assume, as weathering has obscured the relationships between the various formations of the district. Secondly, only exposures of minable phosphate are seen, for the mining companies only dig their pits in areas where phosphate particles are abundant, high in PZO5 , and of an easily recoverable nature.
Most of the early workers in the land-pebble district thought that the phosphate of the district was deposited in either a marine, estuarine, or fluviatile environment. Matson (1915) and Cooke and Mossom( 1929) , however, suggest that part of the phosphate deposits may be residual in origin; that is, some of the phosphate deposits of today are Hawthorn limestone from which calcium carbonate has oeen removed by ground v/ater. These two hypotheses, here are called the "depositional" and the "residual" theory of origin for the sake of brevity.
A detailed discussion of the evidence for and against each of these ideas is beyond the scope of this paper, but a few of the more important facts and ideas are presented. Articulated skeletons of manatees and of a whale have also been found in the central area of the northern part of the district. Although they are not diagnostic so far as age is concerned, it is felt that they do suggest a depositional origin for that part of the phosphate deposits in which trey are found.
Graded bedding and crossbedding have been seen by the writers and others, in both the coarse and fine areas of the northern part of the field. In the writers' experience, however, examples of good cross-bedding are relatively common in the central area and rare in the area that borders it.
In view of the foregoing data it is the writers' opinion that the central area of the northern part of the district is depositional. Good bedding of types not seen in the Hawthorn formation, the presence of articulated skeletons of marine mammals, and for that matter, the presence of fossils of the hard parts of other Pliocene animals, rounded pebbles of phosphatized Hawthorn limestone all of these things seem to be good evidence for a depositional origin of the phosphate deposits of the central area.
In the outlying area of the northern part of the district, however, data that are at present available do not particularly substantiate either the residual or depositional hypotheses of origin of the phosphate deposits.. The unconformities at the top and bottom of the Bone Valley formation have not been seen; as stated earlier, only one diagnostic fossil has been found, and bedding has been found only in a few places.
Rounded phosphatized limestone particles are present, but they are smaller and different in appearance from those of the central area of the district.
The age and origin of the phosphate deposits are not proved; however, it is the writers' opinion that much of the phosphate was derived from the underlying Hawthorn formation; that in the central area of the northern part of the district the residuum was reworked, probably in a near-shore, marine or estuarine environment, and probably is Pliocene in age, although part of the reworking may have extended into the Pleistocene; and that in the outlying areas the matrix may be a true residuum, or reworked, or a combination of the two. Only through further work can the origin of that part of the deposit be determined. and neither coarse nor fine, but rather uniform in size.
hi the northern part of the district, the size of the phosphate particles and "topography" of the top of
The Hawthorn formation appear to be related; coarser phosphate is found on Hawthorn highs and finer phosphate in lows.
The age and mode of origin of the phosphate deposits are not proved; however, it is the writers" o -inion that the central area of the northern part of the district is made up of material that has been reuorked, and is probably Pliocene in age, and that the outlying area may be least partly residual in origin. 
